A model design method is suggested which is based on the principles of the theory of dimensions and which is evaluated by experimental relations for the geometric properties of dunes. The model is distorted and, in general, non Froudian. The geometrically similar model dunes are reduced in vertical model scale. The scale of the flow velocity is derived from a generalised friction equation which takes into account the influence of both skin friction and form drag. The application of the method is illustrated by a numerical example. This example indicates that a practicable set of scales is obtained if the model bed is formed by a light weight material.
INTRODUCTION
When carrying out model tests with drilling structures, buried pipelines or any other objects which are in contact with a movable bed a major consideration is that the model dunes should be geometrically similar to their counterparts in the prototype. Indeed the functioning of the structures mentioned depends to a considerable extent on how their geometry compares with the geometry of dunes around them, so that a reliable prediction of the performance of these structures can only be made if the model and prototype dunes are geometrically similar.
At present no systematic information on dunes formed by tidal flows is available. On the other hand the measurements carried out in the North Sea, Liverpool Bay, Outer Thames and Sandettie (in English Channel) indicate that the dunes produced by tidal currents should be very similar in their size and shape to the dunes * produced by the equivalent unidirectional flows. This similarity between the tidal and unidirectional dunes is, in fact, not surprising, for the formation of dunes by tidal currents takes place mainly in those parts of the periodic cycle when the whole body of the fluid moves in one direction, that is when the tidal flow becomes virtually a unidirectional flow. Considering this (fortunate) similarity between the tidal and unidirectional dunes, the present method is developed by using the existing information for unidirectional dunes. SOME QUANTITATIVE ASPECTS OF RIPPLES AND DUNES ** It can be shown that the dimensionless combinations (variables):
are sufficient in order to express any dimensionless property of sand waves formed by a unidirectional tranquil (Fr < 1) flow (i.e. of ripples and dunes).
From the analysis of a large number of data it follows that the relative length A/h of dunes is a function of two variables :
Furthermore, the same data reveals that for X > z 25 and/or 2 > ~ 5000 the function f (X, Z) reduces into a constant (2TT) :
* The author is grateful to R.C.H. Russell and A.W. Price (HRS -Wallingford) for this information. ** Extensive information on all the aspects summarised in this section can be found in Chapter VII of Ref [1] . *** See "List of Symbols" at the end of the paper. 
SCALE RELATIONS
Let A' and A" be the prototype and model values of a quantity A , and A. = A"/A' be the scale of A .
From Eqn (5) it follows that the steepness of model and prototype dunes will be approximately the same, i.e. the approximate scale relation is fulfilled. Consider now the X; Z plane shown in Fig. 2 . From the text preceding Eqn (3) it follows that if the model and prototype "points" M" (X" , Z") and M' (X' , Z 1 ) are both outside the shaded region,
The present method is an attempt to achieve the similarity of dunes, i.e. the scale relation:
by satisfying (7), and by selecting M" outside the shaded part of the X; Z plane (assuming, of course, that the prototype point M' is also outside it). The following procedure can be suggested for determining the model scales. (v) Knowing Xy , determine X (from second eqn of (10));
(vi) Knowing X , X , and X Q , determine X» (first eqn of (10)) and the distortion X /X = n;
(vii) Check whether the position of the point M"(X" , Z") on the X; Z plane and the value of n are acceptable. If not repeat the procedure for another set of values of X , X and X n . y Y S o Nothing has been said so far on how the flow velocity scale X must be determined, and it is intended now to consider this relevant aspect of the model design. 
(26)
Usually it is very difficult to select such A, and n which can satisfy the condition (26) and which can, at the same time, be regarded as "reasonable" (Z 1 and N 1 being determined by the prototype). In such cases it may be wiser to relax the condition (26) See more on the importance of the Froude number in Ref [7] (Introduction). ** Due to R.C.H. Russell (HRS -Wallingford).
A one arrives (by applying the procedure described and the Eqn (25)) at the results shown in the table below. * Note, that sand models can hardly be regarded as acceptable (at least not for the prototype under consideration), as they require very large distortions (n) while their velocities deviate too much from the Froudian velocities (large £). Conversely, light weight materials yield acceptable values for n and £ , and among them 1.35 mm -polystyrene and 1.5 mm -perspex appear to be as most favorable. 
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